providing a larger share of transponder power to disadvantaged mobile terminals and a smaller
share to normally advantaged terminals, without significantly degrading overall signal quality.

Additional tests were completed in 1988 and 1991, directed toward testing CDMA as a
cellular transmission modulation technique. The 1991 tests demonstrated a complete cellular
system, including connection to the Public Switched Telebhone Network, complete handoff
facility between cells, call set up and tear down. Additional tests of microcell operation and
wireless local loop applications are now in progress. This thorough testing program has
established that CDMA provides for greater spectrum efficiency than other modulation access
schemes such as TDMA. The testing also proves that high capacity and quality transmissions
can be achieved without a complex satellite system such as Motorola’s.

Thus, LQSS has, through its separate supplemental material filed today, as well as its
original pioneer’s preference request and other filings, provided a basis for a grant of a preference

for the Globalstar™ system.
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VII. Conclusion
Based on the foregoing, LQSS urges the Commission not to grant a pioneer’s preference

to Motorola Satellite Communications, Inc., for the Iridium™ system, but rather, grant a
pioneer’s preference to LQSS for the demonstrated technological innovations embodied in the

Globalstar system which will fulfill the purposes of the Pioneer Preference rules as well as serve

the public interest.
Respectfully submitted,

LORAL QUALCOMM SATELLITE SERVICES, INC.
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Linda K. Smith, Esq.

Robert M. Halperin, Esq.
William D. Wallace, Esq.
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Leslie A. Taylor, Esq.
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June 12, 1992
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APPENDIX A
CHART 1
Qualcomm Patents to be Utilized in the
Globalstar™ System

PATENT NO. DATE ISSUED INVENTION

U.S. Patent No. Feb. 13, 1990 Spread Spectrum Multiple

4,901,307 Access Communication System
Using Satellite or Terrestrial
Repeaters

U.S. Patent No. Oct. 8, 1991 Method and Apparatus for

5,056,109 Controlling Transmission
Power in a CDMA Cellular
Telephone System (System)

U.S. Patent No. March 24, 1992 Linear Gain Control Amplifier

5,099,204

U.S. Patent No. March 31, 1992 Method and System for

5,101,501 Providing a Soft Handoff in

Communications in a CDMA
Cellular Telephone System

U.S. Patent No. April 7, 1992 System and Method for
5,103,459 Generating Signal Waveforms
in a CDMA Cellular Telephone
System (Forward Link

Modulation)
U.S. Patent No. April 21, 1992 High Dynamic Range Closed
5,107,225 Loop AGC Circuit
U.S. Patent No. April 28, 1992 Diversity Receiver in a CDMA

5,109,390 Cellular Telephone System




CHART 2
Patent Pending -- Globalstar™ System

1. Space Systems/Loral U.S. Patent Application 14586-24/91-8, Wireless Telephone
Satellite Roaming System, including schematics. Filed March 29, 1991. Patent is

pending.

2. European patent pending in France, Great Britain, Italy and Germany, for
Wireless Telephone/Satellite Roaming System. Filed November 3, 1991.
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{57] ABSTRACT

A multiple access, spread spectrum communication
system and method for providing high capacity com-
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pilot chip sequence contiguous with the code-division-
spread-spectrum communication signals.

In further embodiments the communication system
empioys a plurality of user terminals linked to each
other or to other services through one or more terres-
trial or satellite repeaters. Multiple satellite repeaters
are operable in a new communication mode to obtain
further gains in signal isolation.
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ANTENNA MARGINAL GAIN
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FIG.1b

RELATIVE CAPACITY INCREASE AND
POLARIZATION ISOLATION vs. ELLIPTICITY
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(dB) RATIO INCREASE | ISOLATION (d8)
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1

SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE
OR TERRESTRIAL REPEATERS

BACKGROUND OF THE INVENTION
Technical Field

The present invention relates to muitiple access com-
munication systems and more particularly to a method
and appmms for employing Code Division Multiple

Access (CDMA) spread spectrum signals to provide
communication services for mobile or remote user ter-
mindsusingmellizeorterrestriaﬂybudrep«terap—
paratus. The present invention further reiates to utiliz-
ing CDMA spread spectrum signais with muitipie beam
phased array repeater antennas, pohnnnon enhanced
omni-directional mobile antennas, voice or dats activity
switching, adjustable user terminal power control, and
L frequency band communication links.

Background

There has been a long-standing need to provide qual-
ity communication services to many groups of service
users that are classified as remote or mobile or.both.
These users inciude rural telephone systems, police and
other governmental agencies, commercial dlspatchmg
and paging systems, emergency services, and marine
telephone. In the past these needs were partially satis-
fied by land mobile radio. However, these services have
always been faced with more potential users than sys-
tem capacity. The frequency or spectral bandwidth
aliocations do not provide enough capacity to simuita-
ueouslyhndlethezonlnumherofpotenmlusen.

Even so, private individuals, businesses, and new
classes of users, such as seronautical communications,
are creating an ever increasing demand for services for
both mobile and remote users. A large increase in the
number of remotely accessible computers and data sys-
tems has also created a demand for remote and mobile

2
peater and the other for downlink and control signais to
users. In addition, some channels may be allocated for
additional user protocol and call control. Therefore. the
pumber of simuitaneous users is much lower than the

5 apperent number of channels.

10

s

digital data communications in addition to voice com- 40

munications. In addition, new types of remote data
collection or sensing, and alphanumeric keypad or key-
board entry systems are being proposed which can not
be serviced by current communication systems. There-
fore, new communication systems are being proposed
and built to serve these demands for service.

In building or implementing any new communication
system, the key issue for both the designer and the end
user is the channel capacity of the system. In 2 commer-
cisl system, capacity translates directly into income or
economic feasibility which is important to the system
Operator, since capacity determines the number of reve-
nue generating users that can be accommodated. The
number of allowable users is in turn important to the
potential service users. The number of simultaneous
users and, therefore, capacity supported by any commu-
nication system is determined by the amount of mutual
interference between users.

Current mobile radio services operate as frequency
division multiplexed (FDM) or frequency division mul-
tiple access (FDMA) systems which divide the avail-
able bandwidth into smailer bands or channels. To de-
crease mutual interference some of the bandwidth is
also assigned to “guard bands” between channels to
provide attenuation or isolation between users. Full
duplex communication requires two channels. The total
number of channeis is generaily divided in half, one half
being for uplink and cail control t0 a central base re-

43

60

65

System capacity can be increased by increasing the
number of channels but this decreases channel band-
width which limits voice quality and the use of high
speed data transfers. Instead, the preferred technique
for incressing system capacity is frequency reuse. Fre-
queucyremutheptoe. of usmg the same frequency
in two separate geographic regions for two distinct
communication links as long as the two regions are
astenuated or isolated from each other by a minimum
value for signal rejection by the two user receivers.

Typical isoiation or attenuation requirements for
adequate rejection of unwanted signals are on the order
of 15 dB (FM type) to0 30 dB (AM) or more down from
the desired signals. Therefore, 2 communication system
can be subdivided into' geographical regions and the
same frequescy can simuitaneously be “‘reused” in
neighboring regions which are isolated from each other
by the appropriste attenuation. This technique is easily
applied in land mobile radio systems since radio waves
are inherently attenuated proportional to the square of
the distance from the radiating source (in free space).
Systems operating in large urban areas actually appear
to experience 1/r} to 1/r3 attenuation due to buildings
and other absorbing structures.

Users geographicaily removed from each other by an
apprecigble distance naturally have their communica-
tion signals attenuated with respect to each other.
Therefore, a communication system can be constructed
using several iaterconnectad base stations positioned so
that signals from adjacent stations experience a 15 to 30
damw:thrupumachoum To further
increase capecity the geographical regions served by
base transceivers are divided into successively smaller
sizes which are separated by the appropriate attenuation
or isolation, to allow for increased frequency reuse.

This is the basis for cellular telephone technology
which is the current approach to accommodating large
numbers of mobile users. Here, each cell comprises a
geographical region serviced by a central base station
which wses land based communication lines and switch-
ing systems @ form an interlinked system with other
base stations 3o that the only airborne transmissions are
localized across the ceil. To decrease mutual interfer-
ence and increase system upncny, frequency use is
controlled to assure a minimum amount of isolation
between users by amigning channels so that at least one

“guard”™ cell is positioned between two users using the
same channel. Each osil is large enough so that signals
crossing a cell are antenuated s substantiai amount so
that they are perceived as lower level noise in distant
cells The ceilular system employs a central controller
that uses advanced procsssing technology to keep track
of all the chamnel assignments within the system to
maintsin the tequired channei isolation. However,
hand-off now becomes a problem. In hand-off, a mobile
user crosses from one cell where the current frequency
is allowed into s cell where it is not. This requires the
system to change the frequencies used for the communi-
cation link, If a channel is unavailabie in an adjacent
cell, the call fails abruptly at cell borders.

A related problem of current channel assignment
schemes is the inability to have instant access to the
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communication system at any time. Channel assign-
ments increase the time the ceatral controller requires
to establish a communication link and may even prevent
calls from being established.

Cellular systems also suffer from muitipath problems,
especially near cell borders, where users receive desired
signals botl from a central transmitter and sources such
as reflections from buildings. If the signals add out of
phase then they may cancel and become severely de-
graded. This problem is also encountered in radio tele-
phone and other current mobile systems.

A similir problem occurs for mobile users moving
away from central transmitters at speeds that give rise
to Doppler effects and phase shifts. Here the standing
wavepmmfronthemwtofndeevery
haif wavelength continual reception probiems.
In addition, motion on the order of 70 mph can produce
Doppler shifts on the order of +/~80 Hz at frequen-
cies of 800 MHz which can incresse inter-channel inter-
ference.

The FM type cellular and radio telephone system
broadcasts are not efficient techniques for transferring
digital data signals. Current user demands call for data
transmission links that are high quality exhibiting very
low bit error rates on the order of 10—6 or 10—¥at data
transfer rates on the order of 2400 to 4800 baud with
future data transfer rates extending up to 19,200 baud.

Incressing capacity by vsing smaller cells is useful in
large, high user density, metropolitan or urban regions
but not in low user density rural regioms. Increased
capacity is not likely o be achieved economically (cost
of base station versus number of users served in region)
in rural aress. Therefore, while cellular telephone meets
some of the demands of large metropolitan areas it does
not meet the demands of rural aress which comprise 25
percent of the population and 34 percent of the land
mass for countries like the United States. In addition,
larger rural cells can decrease the reuse in
adjacent urban areas. This occurs because a single large
cell is adjacent 10 several small cells which cannot use
the same frequency. This and other design consider-
ations and problems for cellular systems are discussed in
further detail in IEEE COMMUNICATIONS MAG-
AZINE, Vol. 24, No. 2, February, 1986, especially
pages 8-15 which are incorporated herein by reference.

It has previously been assumed that sateilite systems
are required to provide service to low
density, rural or remote aress. However, sateilite sys-
tems generally utilize high volume communication links
to tranisfer otherwise terrestridlly based telephone com-
munications over sitigle large distances between terres-
trial relay stations for further transfer This does not
ddmthenndsofwhikmorsymmrsd—
ready without local service.

Some satellite systems have been proposed to address
single users through individual antennas instead of cen-
tral reiay stations, but the frequencies at which satellites
operate and the methods of transmission have ed to the
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use of rather large fixed antennas which are expensive

and not amenable to use in mobile systems.

Proposed satellite services gemerally operate as
FDMAsymenplomUHF&eqmyrepam
and AM modulstion schemes such as Amplitude Com
manded Single Sideband (ACSSB). Fteqmyreuse
can be ysed for satellite systems similar to cellular sys-
tems discussed above The continental U.S can be di-
vided into geographical regions or cells by using a mul-
tiple beam antenna where a separate beam is used for
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each region. If the signals in each region or antenns
pattern experience an attenuation on the order of say 10
db with respect to those in the nesrest neighbor region
and 20 dB with respect to the next adjacent regions and
so forth, then a given frequency can be reused two
regions away based on 20 dB sensitivity rejection. This
roughly doubles the number of users allowed at any
time within a transcoatinental communication system.
However, this does not match demand for services.

Antenns designs have been proposed which would
scan the antenna patterns across the target geographic
regions using advanced scanning techniques.
These antenna schemes take advantage of the fact that
different frequencies can be reflected at different angles
by a given antenna reflector as used on communication
satellites. This means that as the frequencies transmitted
by the antenna radiator system change, the virtual spot
crested on the earth by the antenna reflector will move.
In this manser the same antensa structure is made to
alter the beam location. However, such techniques use
the antenna structure to direct different frequencies to
different regions, thus failing to fully take advantage of
frequency reuse by allocating only a portion of the total
spectrum to each region.

Satellite systems do not use terrestrially based repeat-
ers that commmunicate directly with users or a series of
multiple satellites that communicate with the same user.
Therefore, current systems do not provide universal
service, that is, the sbility for users to change position
omulnpmmﬁalmpmdmﬂbcableto
communicate without using alternate transmission
equipment or new frequency bands. In multiple sateilite

systems frequency remse would be limited by the isola-
mmm&:mmmsyso
tems aiso experience blocking, and fading
problems similar to mobile radio and telephoae systems.

ARernats methods of decressing user interference
include time division multipie access (TDMA) or muiti-
plexed (TDM) systems. Such systems use a central re-
ceiving station to multiplex or interieave separate user
signals in time so that each signal only uses a portion of
the total outgoing signal 10 the satellite. The time divi-
sion approach divides the total spectrum up into prede-
termined temporal increments. All signals in the com-
munication repester system are sllocated portions of
this time controlied sequence. Therefore, no other user
is using the link at the same exact time. The allocated
poctions are very small and the interleaving very large
»Mitmmﬁndmwﬂmﬂowever.
this time based synchronization of signals creates a natu-
muﬂtwumamm«num:dmmd

groatly increases the complexity and cost of the system.

What is nesded is a communication system that ac-
commodates a larger number of users throughout a
variety of user environments from high density urban to
very low density rural. The communication system
needs to exhibit incressed capacity within standard
speceral allocation bandwidths but with the same or
better communication quality than presently available
In addition, a need also exists for a communication

system ¢apable of haadling high speed low bit error rate
digital data transfers st Jow power densities.

SUMMARY

Therefore, with the above disadvantages present in
the art in mind, it is an object of the present invention to
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w%u.%gggugr-? ggt%%wggiﬁo
wer capecity. $ in said infor.

_.r-vionﬁngignﬂ..ovnos%- gﬂnﬂgg
communication system capsble of expansion to meet = The user terminals can also comprise an activi vity de-
future needs and interface with future alternative com-  tection means for sensing signal activity levels in the

munication systems. . gﬁﬁgéiggg
It is a further purpose of the preseat inventio 0 transmission power duty cycile in respoase 10 a decrease
provide an.inexpeasive comumunication system user  in sensed activity below a predetermiined threshold
terminal capsbie of mesting the needs of a variety of  level.
Boz_ncngg The terminals can further comprise power contro
is yet amosher purpose of the preseant in <8no=8 i?gug&voiﬂgugﬁa

%?gigﬂgﬁo& 5 received code-division-spread-spectrum communica-
tal data signals with very low bit ertor rates. aﬂignﬂu&ﬁﬁnﬁngﬁg%
These and other objects, purposes, aad advaniages  applied to an antenna for transmitting code-divisio
are provided in a multipie access, spread spectrum com-  spread-spectrum communication signals in response
rounication system, having messs for communicating the sensed power level.
information signals to, from, or between a plurality of 20 The antenna of the preferred embodiment furth
users, using code-division-spread-spectrum communica-  comprises polarization control means for adjusting the
tion signals and isolation messs for providing marginal  antesms so as 0 ssiect a predetermised polarization
isolation between said user communication signals. The  mode. ) ,
isolation means can comprise s phased array -...BB In further aspects of the invention the repester means
coupled 10 means for generating substantially simulta- 25 can comprise at least one terrestrially based repeater or
neous muitiple stesrable besms: an antemna structure  at least one sateilite based repeater or both. The com
configured to obtain either one or both of two circular  munication system preferably empiloys at least two sat-
Xg_gggnﬂgan ellites and earth based repeaters. Genersily the

or receiving the same communication signals by two o repeatars are interconnectad to other communication
gg.oaltgisigg 30 systems using a central control station known as a hub

.&go_ﬂgxiﬂgoﬁr_.ﬂl&ooﬁ.& giiggﬁﬁug
sion-spread-epecirum commusicstion signals in re- nﬂnﬂi.ﬂcﬂ. obtsined in s miaper previously
sponse 0 & predetarmined activity level for said infor- .uo.u.lﬁlag giﬂnﬂn
giﬂigggn&&.a regions can _8-_!3 guﬁvo
g repeat-

In a further aspect of the invention the repeater pref- €S

erably employs means for transmitting s predetermined Egggﬁotﬂ_u&o chip
v._.xEu-BeBoo users contiguous with a commu-  sequence to received signals in a plurality o Euonnn_-
nication link and the receivers include a pilot sequence tionships to aoﬁ.BBuEuE of code-division-
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spread-spectrum communication signals with respect to
the local pilot chip sequence. The comparison deter-
mines if the rate for the analog-to-digital conversion

needs adjusting.
Unit chip means genersates a bit sequence correspond-
ing to an assigned function which is used by

duptadh;moomdwtheeomhnaforzen
erating despresd-spectrum in-phase and quadrature
information signals. These signals are then combined in
moutpmmtofemuonqmufmmnw
The present invention provides a method of provid-
ing high capacity multiple sccess communications to a
plurality of communicatios service users, by converting
a plurality of narrow band analog input or digital data
input signals into a plurality of wide band code-division-
spread-spectrum communication signals, usmg n -
signed spreading function and a
fmqnncy-applmnmmwlheplmhty
of conumunication sig-

communication signals to or from users; and converting
a code-division-spread-spectrum communication signal
received by a user 10 a narrow band analog or digital
information signal.

15

code-division-spread-spectrum
nals; transmitting the code-division-spread spectrum 20

The method of the present invention may also com- 25

pmthempsofmmgapdotchnpseqmeend
transmitting and receiving signals through repeaters.
The repeaters can include at least one terrestrial and/or
at least one satellite based repeater.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the present invention may be
betwrundemoodfronthemompmymgdacﬁpmn
when taken in conjunction with the accompanying

30

drawings in which like characters refer to like parts and 35

in which:

F1G. 1a is a piot of antenna gain versus angular devia-
tion from boresight center for an exemplary antenna
used in a satellite communication system;

FIG. 1b is a table of actual and “weighted” users 40

versus antenna gain and saguiar deviation for the an-
tenna of FIG. 1a when used in the communication sys-
tem of the present invention;

FIG. 2 is an overview of a communication

system
conmawdmdiutothepriwipiuofﬂnpmemc

invention;
FIG. 3, is s schematic of a repeater employed in the
system of FIG. 1 using an ommi-directional antenna;

FIG. 4 is a graphic plot of average user power to

establish a commusication link versus the distance from 50

a terrestrial repeater;

FIG. § is a schematic of another repester employed in
the system of F1G. 2 using a phased array antenna struc-
ture;

the distance from a repeater;
FIG. 7 is a schematic of an orbital and a
communication system hub used in the system of FIG.

FIG. Guap:phicplotofwmgeu«powerversus L]

2
FIG. 8 is a plot of relative signal strength versus 60

position for a satellite interference pattern;

FIG. 9 is 2 schematic view of a hub interferometer

FIG. 10 is a schematic of the user terminal employed
in the system of FIQ. 2;

F1G. 11 is a view of an antenna for use in the system
of FIG. 2;

FIG. 12 is an illustration of elliptical ratio;
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FIG. 13 is a graphic presentation of capacity versus
antemns ellipticity;

FIG. l4isa nbuhrlisung of capacity versus elliptic-
ity and axial ratio;

FI1G. 18 is a schematic of a demodulator used in the
user terminal of FIG. 10; and

F1@. 16 is a schematic of a8 modulator used in the user
terminal of the FIG. 10.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention comprises a new communica-
tion system employing one or more satellite or terrestri-
ally based repester stations to provide communication
links among a large number of mobile or fixed, and local
or remote users. To obtain a large number of users, the
user terminals within the communication system em-
ploy new modulators and demodulators to.transmit
forward-error-correcting-coded communication signals
using Code Division Multiple Access (CDMA) spread

comprising muitipie beam phased array repester anten-
nas, polarization eashanced mobile antennas, means for
generating interference patterns for reception and trans-
mission of communication signals, voice or data activity
switching, or adjustable user terminal power control.
Additionally, independent pilot dup sequence signais
are used to improve acquisition and tracking.

Traditionally, CDMA. has been beid to be inferior as
s muitiple access techuique in comparison to FDMA
and TDMA because it appesred to provide inferior
spectral utilization. This was based on the argument
that for TDMA or FDMA, the aumber of equai band-
width channels that a given band can be divided into is
spproximately equal to the total bandwidth divided by
the bandwidth per user channel. Whereas, COMA pro-
vides fewer channels according to the following argu-
ment.

In a bandwidth limited environment where a number
of equal users desire to share a common frequency band
using CDMA, the number of such equal users is deter-
mined by the following formula:

175w W/R=~Ey/N,

where

1 is the total intesference power seen by each user’s
receiver and is equal to the total power of all the
users, which is equal to the number of users times
the power per user;

S is the power of one user’s signal, thus I/S equais the
effective number of users;

W is the bandwidth occupied by the spread spectrum

signals;
R is the data rate of each user; and
Es/'N, is the signal-to-noise ratio required for the
modulstion and coding system employed
Since it can be seen that W/R is the TDMA and
FDMA capecity, the COMA capacity would seem to
be-ailways less by an amount equal to Ey/N,, for practi-
cal systems, approximately 3-5 dB, depending on the
puuuﬂmofthenodnhuonudoodm;sym em-
Thmmmmmﬂymcmsathecamty
of CDMA systems by employing means for producing
marginal isolation. The term, marginal isolation, will be

)
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defined berein. The key idea is that the spread spectrum
receiver sees the weighted sum of all the users’ incident
power as interference 10 the one desired signal. If the
sysamn inciudes mesas to provide aoo-uniform
weighting, then increases in capecity can be obtained
from differences in weighting. Differences too smail to
be of use to FDMA or TDMA systems are quite valu-
able to a CODMA system.

In previously proposed CDMA satellite systems, a
wide band transponder with earth coverage antenna has
been empioyed. Such an antenns provides nearly the
same gain 10 all users, no marginal isolation is realized
snd performance is, in fact, worse for CDMA than for
TDMA or FDMA. The present invention, however,
utilises a muitiple steerable beam antenns which pro-
vides the capability to realize marginal isolation. Such
an antenna also increases the capacity of FDMA and
TDMA syssems, but provides far more capacity gain
for CDMA. This is because FDMA and TDMA sys-
tems require at lesst 15 dB isolation of co-channel sig-
nals in order 10 provide acceptable performance, while
from isolation as small as | dB.
_Wqﬂmud&ﬁn‘dusmm

mwmwm multiple steer-
able beam sntennas, antenna polarization, formation of
insezferance beam patterns from muitiple sateilites, path
snd less than comtinuous transmit dmty cycle. Addi-
tional methods of producing marginal isolation may be
devissd by those skilled in the art of communications
systam design.

Axn exemplary communication system 30 would use
spread spectrum bandwidth, W, of 8 Mz and an infor-
mation signal bandwidth, R, of § kHz for a bandwidth
ratio of 1600 and a processing gain of 32 dB. If we
assume Ey/Noto be 5 dB., the number of users can be
computed from equation 1. Under these conditions 1/S
is 27 dB. The total aumber of users (1+8) is, therefore,
approximately 500. This means that the communication
system supports 500 users under these conditions. But
these are users all operating under the same conditions
and with equal power and isolation within the system.

If instead the system users are isolated or contribute
unequally to the interference in the system communica-
tion link, new users can be added. This can be illustrated

using an anmenza pattern that exhibits a relatively flat 50

“response” or gain across the middle of a beam width
and then falls off sharply on the edges. If we assume an
equal distribution of users over an srea larger than the
ceatral high gain portion of the antenna besmwidth,
then each user is “weighted” by the relative gain ef-
fected for its signal because of a roll-off in gain. FIG. 1,
shows the impect of this roll-off for a communication

m 1 shows & piot of the actual, maximum, and

expreased as double-sided or total angle from
the center of the boresight. If we use the maximum gain
in each region and the gain factor for the entire region
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and agsume that there is a uniform distribution of users
across the typical 7.4° width of the United States. then
FIG. 15 shows how a total population of 2326 users has
the same effective interference as 300 users baving the
mhohhuuofm

The “A Angie” column gives the angle size of each
mnnp.'nle“#ofmm’ column is calculated by
multiplying the total number of users by the fraction of
users st this gain. The following equation is used:

# of Usens = oA AL Towal Users

The “Waigited # of Users” column is calculated by
multiplying the “# of Users” column by the maximum
gain of that ramge. This calcustes the equivalent number
of users a1 0 dB that would produce the same interfer-
mutbwndnmumnmmm
The following equation is used:

Weighted # of Userss= # of Users
10— (MaxGain/10)

)

&)

lzhimponmwmhowevenmumofumu
as | dP reduce the weighted total Lastly, the
“Weighted # of Users” is totaled. The number of users
in the U.S. was adjusted for purposes of illustration so
that the “Weighted Total” was approximately 500 users
as used above.

The “CDMA Reuse Factor” of 4.65 was calculated
as the ratio of 2326:500. The “FDMA Reuse Factor” of
3.70 was calcuisted a3 7.4°/(1.0° 2). 7.4° is the width of
the U.S., 1.0° is the 2 dB beamwidth of the antenna, and
one needs 10 wse cne half of the frequencies in one beam
and then the other half in the next beam; 30 it takes two
beamwidths before the frequeacics. Using the antenns
optimized foc FDMA, CDMA shows a8 better reuse
factor. lftumaammnopmuedfor
CDMA—mininum noise beamwidth—then the
CDMA rewse factor can be further increased to 6.67
giving a reuse gain of 6.67/3.70=1.80,

As cau be seen, the total number of “effective” users
is 500 while the system is actuslly supporting 2326 users
if muitiple beam positions are provided 30 that ail users
can be received nesr the center of a beam. Therefore,
the systam uses marginal isolation of a few dB, which is
useless 0 .other systams, 10 provide frequency reuse.
This ability 10 incresse the effective adjacent user atten-
uation aliows the present communication system (0

operating according to the principies of the present
invention is illustrated in FIG. 2 In FIG. 2, a spread
spectrum communication system 10 employs terrestrial
repeators 13- or orbital repeaters 14 with one or more
central stations 16,.to transmit and receive information
to or from mobile terminals 20, or 22, and fixed termi-
nals 24 or 26,

The term information is used to encompass both digi-
tal data sad voice sines some terminals will cransmit, or
beequippdtotrmt.umkmthchmofdxpul

an appropriste interface for linking a data generation
source 28, such as a2 TTY device or computer, with the
user terminal 32 or 26 circuitry. Modems and other data
communication interface devices are readily designed



